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ABSTRACT 

Background: Simulation training is increasingly being used as a safe format to instruct students and trainees 
in different skills and procedures in the field of medicine. In this study, we recorded stress levels among 
medical students during simulation training for a lumbar puncture (LP) procedure performed on a mannequin 
and investigated the association between stress and performance. 

Methodology: This study was conducted on 39 fourth year female medical students. Students wore a galvanic 
skin response (GSR) sensor on their wrist before being asked to attempt the LP procedure on the mannequin on 
two separate occasions. Students' performance was assessed using a validated LP checklist on each attempt. 
Data were compared across all simulation attempts and for each student. 

Results: Collectively, mean wrist GSR levels increased from the mental rehearsal phase 0.31 mS + 0.40, 
during the first attempt 0.48 mS + 0.62 and continued to increase significantly (P = 0.007) during the second 
attempt 0.60 mS + 0.80. There were no significant differences (P = 0.32) between the checklist scores of the 
first and second attempts. 

Conclusion: The results of our study support the previous evidence that linked simulation training with 
emotional and physiological stress. Performing highly intense procedures such as LP is considered to be a 
potential source of stress. Our findings showed that there was a continuous increase in the level of stress 
associated with repeated attempts during the LP simulation that had no significant impact on clinical 
performance. As the practice of medicine involves exposure to a remarkable number of stressors and critical 
conditions, we emphasize the importance of training medical students in ways to cope more effectively with 
these situations. 
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INTRODUCTION 

Simulation training is increasingly being used as common serological measure of HPA activity is 
a safe format to instruct students and trainees in cortisol™ ®, while the most common measures of 
different skills and procedures in the field of SNS activity are the catecholamines, epinephrine 
medicine’. However, undergraduate medical (EPI) and norepinephrine (NE). Unfortunately, 
students have reported experiencing stress during however, direct measurements of EPI or NE in 
high-fidelity trauma simulation®”. Furthermore, saliva seem to provide a poor reflection of SNS 
marked cortisol responses to real-life and simulated activity. Consequently, a surrogate marker of SNS 
emergency situations have been detected in army activity in saliva is being actively sought. Salivary 
nurses exposed to a combat casualty simulation™ jg-amylase, an enzyme that is produced by the 

Cortisol®, a-amylase (sAA)® and chromogranin salivary gland, has been suggested as a noninvasive 
A (CgA)” have been proposed as markers of stress and easily obtained surrogate marker of SNS 
that can be measured in saliva. Technical advances activity. Levels of sAA increase in response to 
have created new opportunities for the noninvasive stressful conditions including exercise, written 
assessment of stress biomarkers in saliva. The ease examinations and mental rehearsing. However, the 
of use and noninvasive nature of salivary markers is accuracy of sAA as an accurate indicator of SNS 
especially valuable because complex multilevel activity remains open to debate. 
models of individual differences can be studied in 
the laboratory or in quasi-naturalistic settings, such The galvanic skin response (GSR), also known as 
as simulation. However, it is not clear which one skin conductance or electro-dermal activity (EDA), 
of these salivary components is the best biological is a sensitive marker of emotional arousal. EDA 
marker of stress. regulates the amount of secretion from sweat 

The psychobiology of stress comprises two main glands. Changes in skin conductance are triggered 
systems: the hypothalamic-pituitary-adrenal (HPA) by environmental conditions or stimuli, with a 
axis and the locus — coeruleus/autonomic stronger stimulus leading to greater skin 
(sympathetic) nervous system (SNS). The most conductance” ™). Skin conductance, which is 
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modulated by the autonomic SNS, is not 
consciously controlled. Therefore, skin conductance 
offers a physiological marker of the SNS activity in 
the autonomic nervous system. In 2015, a study 
comparing the relationship between physiologic 
and psychological activation of the autonomic SNS 
in the operating room (OR) during a simulated 
airway emergency used the GSR as a measure of 
physiologic SNS activity and the “State— 
Trait Anxiety Inventory” as a measure of the 
psychological SNS activity. It was concluded that 
GSR levels correlated with anxiety scores”. 

A recent study revealed the feasibility of using a 
new watch-sized device for continuous GSR 
monitoring of all OR professionals during high- 
fidelity surgical simulations. Large variations in 
individual levels of physiological activation has 
been found and further qualitative studies have 
been suggested”. 

In this study, we recorded stress levels among 
medical students during simulation training for a 
lumbar puncture (LP) procedure performed on a 


mannequin and investigated the association 
between stress and performance. Stress 
management training may be beneficial in 


minimizing the deleterious consequences of stress 
situations, thus improving patient care. 


MATERIALS AND METHODS 

Simulation room and participants: 

A simulation room in the skills laboratory at the 
College of Medicine was used for all of the 
sessions. The laboratory was equipped with lumbar 
puncture trays that were almost identical to those 
used in an actual procedure and a mannequin was 
used as the simulated patient. This study was 
approved by The Institutional Review Board at 
King Abdullah International Medical Research 
Center (KAIMRC). This study was conducted on 
39 fourth year female medical students comprising 
stream 1 students (high school graduate entry 
program) and stream 2 students (bachelor’s degree 
graduate entry program). 


Simulation scenario 

Each simulation began with the student signing a 
consent form, reviewing the given LP procedure 
leaflet and attaching a GSR sensor on their wrist. 
Subsequently, the student was asked to rehearse the 
procedure mentally before being asked to attempt 
the LP procedure on the mannequin on two separate 
occasions. 

The co-investigators assessed the  student’s 
performance using a validated LP“* checklist at 
each attempt. 
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Checklist validation: 

A pilot study was conducted on 10 students to 
determine the validity of the LP checklist. The 
internal consistency of the checklist using 
Cronbach’s a was calculated as 0.82 using SPSS 
Statistical software (IBM SPSS Statistics, SPSS 
Inc., Chicago IL). 


GSR sensor: 

Neumitra Inc. manufactured the bio-band sensor 
device containing two silver chloride electrodes that 
measure and record electrical conductance at a rate 
of 10 times per second. All GSRs were recorded in 
micro-Siemens (mS) and after each session, data 
from the GSR sensor were transferred to Neumitra 
for processing. The processed data were returned 
several days later and divided into each phase of the 
simulation using embedded time stamps”. 


Statistical analysis 
Data were described as means + standard 
deviation (SD) for continuous variables, and 


percentages for categorical variables. Paired t-tests 
were used to compare the data for the first and 
second attempts. 

A P-value of 0.05 or less was considered to 
indicate statistical significance. The data were 
analyzed using the Statistical Package for the Social 
Sciences, Version 20.0 (IBM Corporation, Armonk, 
NY, USA). 


RESULTS 

Thirty-nine fourth year female medical students 
participated in this study. Of these students, 20 
(51%) comprised stream 1, while the remaining 19 
(49%) comprised stream 2. 


Cumulative GSR: 

Mean wrist GSR levels for all students in 
each phase of the simulation were 0.31 mS + 0.40 
(range, 0.01—1.70) in the mental rehearsal phase, 
0.48 mS + 0.62 (range, 0.01-2.18) at the first 
attempt, and 0.60 mS + 0.80 (range, 0.01—2.88) at 
the second attempt. The mean wrist GSR for all 
students combined increased significantly (P 
0.007) from the mental rehearsal phase to the first 
and second attempts. 

The mean wrist GSR levels of stream 1 
students for each phase of the simulation were 0.20 
mS + 0.25 (range, 0.01—0.86) for the mental 
rehearsal phase, 0.39 mS + 0.59 (range, 0.01—2.17) 
for the first attempt, and 0.49 mS + 0.76 (range, 
0.01-2.88) for the second attempt. 

Mean wrist GSR levels of stream 2 students 
for each phase of the simulation were 0.43 + 0.49 


Frequency 
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mS (range, 0.01—1.70) for the mental rehearsal stream | and stream 2 students for the first and 
phase, 0.58 mS + 0.65 (range, 0.02—2.18) for the second attempts (P = 0.347 and 0.347, 
first attempt, and 0.72 mS + 0.84 (range, 0.02-2.50) respectively). 

for the second attempt. There were no significant Table 1 shows the mean wrist GSR of all 
differences in mean wrist GSR levels between participating students in the study. 


Table 1 Mean wrist GSR for all participants 


Mean Wrist GSR 


Attempts Stream 1 





0.39 mS 0.58 mS 0.347 
2™ attempt 0.49 mS 0.72 mS 0.347 


Table 2 shows a comparison between mean wrist GSR levels of stream 1 and stream 2 students during the first 
and second attempts. 








Table 2 Comparison between the mean wrist GSR of stream 1 and stream 2 students during the first 
and second attempts 


Mean Wrist GSR 
Mental rehearsal phase 1“ attempt 2™ attempt 
0.43 mS 0.58 mS 0.72 mS 
Ss aS er ee lean Ok eee ee 
Mental rehearsal phase 1“ attempt 
0.20 mS 0.39 mS 0.49 mS 


Checklist scores: 

Students were assessed using a validated checklist on both attempts; the checklist had a 52-point maximum 

score. The average score for the checklist for all students was 40 + 5.36 at the first attempt and 39 + 5.92 at the 

second attempt. There were no significant differences (P = 0.32) between the checklist scores of the first and 

second attempts. Figures 1 and 2 show the distribution of the checklist scores for all students for the first and 
second attempts. 


























Mean = 39.49 
Std. Dev. = 5.924 
N = 39 


Frequency 





o Oo 
25.00 30.00 35.00 40.00 45.00 50.00 55.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 


Checklist score — Attempt 1 Checklist <core — Attemnt 2? 
Figure 1 Distribution of the checklist score across all Figure 2 Distribution of the checklist score across all 
students for the first attempt students for the second attempt 


For stream 1 students, the average score for the checklist was 40 + 5.75 for the first attempt and 39 + 5.91 for 
the second attempt. For stream 2 students, the average score for the checklist was 40 + 5.08 for the first attempt 
and 40 + 6.02 for the second attempt. Figures 3 and 4 show the differences in the checklist scores between 
stream 1 and stream 2 students. 
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Figure 3: Differences between checklist scores of 
stream 1 and stream 2 students during first attempt 
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Figure 4 Differences between checklist scores 


of stream 1 and stream 2 students during 
second attempt 


There were no significant differences in mean checklist scores between stream | and stream 2 students for the 
first and second attempts (P = 0.841 and 0.498, respectively). Table 3 shows a comparison between the 
checklist scores for stream 1 and stream 2 students during the first and second attempts. 


Table 3 Comparison between the checklist scores of stream 1 and stream 2 students during the first and 


second attempts. 


Checklist Scores 


Attempts Stream 1 
1“ attempt 40 | 
2™ attempt 39 
DISCUSSION 


The results of our study have revealed that stress 
increased significantly for all students through all 
phases of the simulation, starting with the mental 
rehearsal phase and throughout both attempts. 


Similarly, Phitayakorn, Minehart, Pian-Smith, 
Hemingway and Petrusa“? observed continuous 
emotional activation through their surgical 
simulation. 


Clinical setting and certain factors, such as time 
pressure, lack of sleep and coffee consumption may 
have affected the students’ stress levels. Striving for 
academic excellence could also be considered to be 
a stress factor “*"”). Interestingly, the presence of 
the students’ colleagues as co-investigators may 
have also contributed to the increased level of 
stress. 

Despite elevated stress levels, there was no 
significant disparity between the performance of the 
students at both attempts. This raises the question 
of the relationship between stress and performance. 
Activation of a physiological response during a 
tense situation may result in a certain amount of 
stress, which is not necessarily a negative condition 
in that relatively low levels of stress could motivate 
the individual to perform better. In contrast, 
extreme stress may be devastating and subsequently 
impair individual’s general performance”. 
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Stream 2 P-Value 
40 0.841 
40 0.498 


For all phases of the simulation, there were no 
significant differences in the mean wrist GSR levels 
of stress and mean checklist scores between stream 
1 and stream 2 students. Thus, our findings 
demonstrate that high educational levels had an 
unremarkable impact on both stress and 
performance; this is in contrast to the findings of 
some previous studies “%8 1> 2%. 

Some limitations of this study should be noted. 
First, our study was performed on female students 
only; therefore, sex differences regarding stress 
development could not be assessed “4”, 
Additionally, the small sample size and minimal 
number of attempts may have limited the findings; 
a larger study and perhaps more attempts may have 
produced more accurate results. Thus, despite these 
limitations, our findings allow us to propose an 
important suggestion to improve education and 
clinical practice throughout medical schools. Based 
on the advantages of the GSR sensors, which are 
essentially the practicality and acceptance by the 
participants of this approach”, we recommend 
their use in preparing medical students in 
simulation-based training to cope and respond more 
satisfactorily to stressful events in real clinical 
practice. 
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CONCLUSION 

In conclusion, the results of our study support 
the previous evidence that linked simulation 
training with emotional and physiological stress. 
Performing highly intense procedures such LP is 
considered to be a potential source of stress. Our 
findings showed that there was a continuous 
increase in the level of stress associated with 
repeated attempts during the LP simulation that had 
no significant impact on clinical performance. 
Moreover, being enrolled in either a bachelor’s 
degree graduate entry program or a high school 
graduate entry program appeared to have no notable 
influence on either increased stress levels or on 
performance. As the practice of medicine involves 
exposure to a remarkable number of stressors and 
critical conditions, we emphasize the importance of 
training medical students in ways to cope more 
effectively with these situations. 
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